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FIG. 1 




METHOP ANP ARRANGEMENT FOR REGULATING T HE PRESSURE! ^ 
HIGH- PRESSURE STORE 

The invention relates to a method and an 
arrangement for regulating the pressure in a high- 
pressure store. A method and an arrangement for 
regulating a pressure in a high-pressure store, which 
is supplied with a volume flow by a high-pressure pump, 
in which the volume flow output by the high pressure 
pump to the high-pressure store are adjusted are known 
from DE 195 48 278 Al . 

In the field of fuel-injection systems for 
internal combustion engines, priority has increasingly 
been given in recent years to high-pressure storage 
concepts in diesel engines and in Otto engines that 
make it possible to keep the injection pressure 
independent of 'the engine speed and the injection 
amount and furthermore to increase the average 
injection pressure to over 1600 bar. in such fuel- 
injection systems, the high-pressure pump, which is 
connected to a fuel storage tank, feeds fuel into the 
high-pressure store. The fuel, which is under high 
pressure in the high-pressure store, is then, by way of 
adapted line cross-sections, fed to injection valves 
which extend into the cylinders of the internal 
combustion engine. The injection processes in the 
cylinders are triggered by flow into the injection 
valves, the injection volume being dependent on the 
pressure at the injection valves and the duration of 
the flow. 

In order that the pressure in the high-pressure 
store, which pressure determines the injection pressure 
into the cylinders, can be matched precisely and 
quickly to the desired pressure which corresponds to 
the desired operating condition of the internal 
combustion engine, the high-pressure store is connected 
to a control unit which ascertains the actual-pressure 



value prevailing in the high-pressure store and 
compares it with the desired-pressure value. From the 
control deviation which is established, the control 
unit determines a manipulated variable for a high- 
pressure control element connected to the high-pressure 
store. Surplus fuel, which is not required in order to 
maintain the desired pressure in the high-pressure 
store, is returned to the fuel storage tank by way of 
the high-pressure control element. In order to 
establish the manipulated variable of the high-pressure 
control element, the control unit preferably has a 
proportional -integral controller, PI controller for 
short, which is distinguished by a fast response with 
simultaneously high control quality. 

In order to prevent the high- pressure pump 
constantly feeding too much fuel into the high-pressure 
store, which fuel then has to be removed again by way 
of the high-pressure control element, a volume-flow 
control element is arranged in the fuel supply line to 
the high-pressure pump, in order that the fuel volume 
flow to the high-pressure pump can be adjusted 
according to need. In this connection, the control of 
the volume- flow control element can take place by way 
of a comparison of the volume flow delivered by the 
high-pressure pump at that time with a desired volume 
flow corresponding to the respective operating state of 
the internal combustion engine, in order to determine 
from the differential value, by means of a PI 
controller, a manipulated variable for the volume- flow 
control element. Such a control, however, necessitates 
an additional measured -value detector for determining 
the volume flow currently being delivered by the high- 
pressure pump. Therefore, the volume- flow control 
element is generally controlled with the aid of a 
predetermined characteristics field. A disadvantage of 
such a characteristics- field control, however, is that 



the volume -flow control element has to be operated with 
a sufficient safety clearance with respect to the 
minimum possible volume flow, in order to prevent an 
under- supply of the high-pressure store with fuel by 
the high-pressure pump. This in turn leads to a 
worsening of the energy balance, because the high- 
pressure pump still compresses too much fuel and feeds 
it into the high-pressure store. 

The present invention seeks to provide an improved 
method and an improved arrangement for regulating a 
pressure in a high-pressure store, which is supplied 
with a volume flow by a high-pressure pump. 

According to a first aspect of the invention, 
there is provided a method for regulating a pressure in 
a high-pressure store, which is supplied with a volume 
flow by a high-pressure pump, wherein the volume flow 
output by the. high -pressure pump to the high-pressure 
store and the pressure in the high-pressure store are 
adjusted, comprising the steps of: 

determining a control deviation between an actual- 
pressure value detected in the high-pressure store and 
a predetermined desired-pressure value,- 

determining a control difference for a pressure 
adjustment in the high-pressure store from the control 
deviation which has been ascertained in the case of the 
pressure in the high- pressure store, wherein in the 
range of a small control deviation, a characteristic 
with non-linear sections between the control deviation 
and the control difference is set for the pressure 
ad j us tment ,- and 

determining a control difference for the volume- 
flow adjustment of the high-pressure pump from the 
control deviation which has been ascertained in the 
case of the pressure in the high-pressure store, 
wherein in the range of a small control deviation, a 
characteristic with non-linear sections between the 
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control deviation and the control difference is set for 
the volume-flow adjustment. 

According to a second aspect of the invention, 
there is provided an arrangement for regulating a 
5 pressure in a high-pressure store, which is supplied 

with a volume flow by a high-pressure pump, comprising 

a volume- flow control element for adjusting the 
volume flow output by the high-pressure pump to the 
high-pressure store; and 

10 a high-pressure control element for adjusting the 

pressure in the high-pressure store; and 

a control device which has: a comparator for 
determining a control deviation between an actual - 
pressure value detected in the high-pressure store and 

15 a predetermined desired-pressure value 

a high -p.res sure regulator, which is connected to 
the comparator and the high-pressure control element, 
in order to determine a control difference for the 
pressure adjustment of the high-pressure control 

2 0 element from the control deviation ascertained by the 

comparator in the case of the pressure in the high- 
pressure store, wherein in the range of a small control 
deviation, a characteristic with non- linear sections 
between the control deviation and the control 

25 difference is set for the pressure adjustment; and 

a volume- flow regulator, which is connected to the 
comparator and the volume-flow control element, in 
order to determine a control difference for the volume - 
flow adjustment of the volume-flow control element from 

30 the control deviation ascertained by the comparator in 

the case of the pressure in the high-pressure store, 
wherein in the range of a small control deviation, a 
characteristic with non- linear sections between the 
control deviation and the control difference is set for 

35 the volume -flow adjustment. 

In accordance with the invention, a high-pressure 



control element and a volume-flow control element as 
the two final control elements in a fuel-inj ection 
system are regulated directly on the basis of a control 
deviation that has been established between an actual - 
pressure value detected in the high-pressure store and 
a predetermined desired-pressure value. In this 
connection, in the range of small control deviations 
are used characteristics having non-linear sections 
between the control deviation which has been 
established and the control difference in the case of 
the volume flow delivered by the high-pressure pump 
that is to be compensated by way of the volume-flow 
control element, or between the control deviation which 
has been established and the control difference in the 
case of the pressure in the high-pressure store that is 
to be compensated by way of the high-pressure control 
element. As a result of the invention, it is possible 
to carry out by way of the detection of the pressure in 
the high-pressure store as single measured variable a 
direct regulation of both final control elements, so 
that both the volume -flow control element and the high- 
pressure control element have to be opened only to a 
minimum extent and in this way a particularly 
favourable energy balance is set. Preferred 
embodiments of the invention are presented in the 
dependent claims. 

For a better understanding of the present 
invention, and to show how it may be brought into 
effect, reference will now be made, by way of example, 
to the accompanying drawings, in which: 

Figure 1 shows a diagrammatic representation of a 
fuel -injection system; 

Figure 2 shows a block- circuit diagram of a 
pressure regulation in accordance with the invention in 
a fuel -inject ion system; 

Figure 3 shows a characteristic of a volume- flow 



regulator in accordance with the invention; and 

Figure 4 shows a characteristic of a high-pressure 
regulator in accordance with the invention. 

Figure 1 shows diagrammatical ly the structure of a 
fuel-injection system, as used under the name Common- 
Rail -system in diesel engines and under the name High- 
Pressure-Direct-Injection-system in Otto engines. In 
this fuel- injection system, fuel is drawn in from a 
fuel storage tank 10 via a fuel line 11 by means of a 
forward delivery pump 12 and is conveyed by the latter, 
via a fuel filter 13, to a high-pressure pump 15. The 
high-pressure pump 15 then feeds the fuel under high 
pressure into a high-pressure store 17. 

The high -pressure store 17 is connected to 
injection valves 18, by way of which the fuel is 
injected into, the combustion chambers of the internal 
combustion engine (not shown) . The injection process 
is triggered: by an electronic control unit 19, which is 
connected by way of signal lines 2 0 to the injection 
valves 18. A leakage flow which occurs in the 
injection valves 18 is supplied by way of a fuel line 
21 into , the fuel storage tank 10. In order that the 
volume flow delivered by the high-pressure pump 15 into 
the high-pressure store 17 may be adjusted according to 
need in accordance with the operating condition of the 
internal combustion engine that is desired in each 
case, there is arranged in the fuel line 11 , between 
the forward delivery pump 12 and the high-pressure pump 
15, a suction regulating valve 14, which is driven by 
the electronic control unit 19 by way of a control line 
22, in order to regulate the delivery flow of the high- 
pressure pump according to need. 

For a pressure regulation in the high-pressure 
store 17 in accordance with the desired operating 
condition of the internal combustion engine, there is 
furthermore arranged in the fuel line 11, between the 



high-pressure pump 15 and the high-pressure store 17, a 
high-pressure control valve 16. This high-pressure 
control valve 16 diverts surplus fuel, which is not 
required in order to maintain the desired pressure in 
the high-pressure store 17, back into the fuel storage 
tank 10 by way of a fuel line 25. In this connection, 
the high-pressure control valve 16 is adjusted by the 
electronic control unit 19 by way of a signal line 24. 

The adjustment of the suction regulating valve 14 
and the high-pressure control valve 16 is carried out 
by a regulating unit 190 of the electronic control unit 
19 with the aid of an actual-pressure value in the 
high-pressure store 17 that is determined by a pressure 
sensor 23. The pressure prevailing in the high- 
pressure store 17 is, as the block-circuit diagram in 
Figure 2 show^) determined by the fuel amount contained 
in the high-pressure store 17. This fuel amount is 
made up of tne fuel delivery flow of the high-pressure 
pump 15 that is adjusted by the suction regulating 
valve 14, the injection amount output during the 
injection by way of the injection valves 18, the 
leakage flow flowing off by way of the injection valves 
18, and the fuel flow diverted by way of the high- 
pressure control valve 16, with both the leakage flow 
of the injection valves 18 and the fuel amount diverted 
by way of the high-pressure control valve 16 depending 
on the fuel pressure prevailing in the high-pressure 
store 17. 

In order to adjust the suction regulating valve 14 
and the high-pressure control valve 16, the regulating 
unit 190 of the electronic control valve 19 has a 
comparator 191, which compares the actual -pressure 
value detected in the high-pressure store 17 with the 
aid of the pressure sensor 23 with a desired-pressure 
value and determines a control deviation from the 
difference between desired-pressure value and actual- 
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pressure value. The comparator 191 takes the desired- 
pressure value from a memory device (not shown) 
designed as a one -dimensional or multi-dimensional data 
field, in accordance with the specified operating 
5 condition of the internal combustion engine, in 

particular the load and speed thereof. The regulating 
unit 190 further has as components of a first control 
loop a volume- flow regulator 192 and a first PI 
controller 193, which are arranged between the 

10 comparator 191 and the suction regulating valve 14. As 

components of a second control loop, the regulating 
unit 190 also contains a high- pressure regulator 194 
connected to the comparator 191 and a second PI 
controller 195 connected thereto r which is connected to 

15 the high-pressure control valve 16. 

In the volume -flow regulator 192, there is 
established from the control deviation between desired- 
pressure value and actual-pressure value ascertained in 
the comparator 191, with the aid of a predetermined 

2 0 characteristic, a control difference, from which the 

first PI controller 193 determines a manipulated 
variable for the suction regulating valve 14 and 
outputs said manipulated variable as a control signal 
to an actuating drive in this valve, in order to adjust 

25 the volume flow drawn in by the high-pressure pump 15 

in accordance with the desired operating condition of 
the internal combustion engine. 

In parallel with this adjustment of the suction 
regulating valve 14, the high-pressure regulator 194 

30 determines, with the aid of a predetermined 

characteristic , from the control deviation ascertained 
by the comparator 191 a control difference for the 
pressure in the high-pressure store 17, from which 
control difference the second PI controller 195 forms a 

35 manipulated variable for the high-pressure control 

valve 16 and outputs it as a control signal to an 



actuating drive in this valve, in order thus to adjust 
the pressure in the high-pressure store 17 to the value 
which corresponds to the desired operating condition in 
the internal combustion engine. 

As a result of the regulation in accordance with 
the invention, it is possible to adjust both the volume 
flow into the high-pressure store 17 and the pressure 
in the high-pressure store 17 separately by way of two 
control loops, but only one physical variable, namely 
the pressure in the high -pressure store, has to be 
detected in order to do this. As a result of the use 
of a separate control loop for the volume-flow 
adjustment, there can also be achieved a particularly 
favourable energy balance in the fuel- inject ion system, 
because in both valves the optimal valve setting, i.e. 
a minimum opening cross -section in the case of the 
suction regulating valve 14 and a minimum opening 
cross -section in the case of the high-pressure valve 
16, can always be set. 

In order to be able to stop at the valve position 
for the respective operating condition of the internal 
combustion engine that is most favourable in terms of 
energy quickly and with great control accuracy, the 
transfer characteristics of both the volume- flow 
regulator 192 and the high -pressure regulator 194 have 
non-linear sections in the range of small control 
deviations. Figure 3 shows such an exemplary optimised 
transfer characteristic of the control difference 
output to the first PI controller 193, with respect to 
the control deviation for the volume- flow regulator 192 
that is ascertained by the comparator 191. Analogous 
hereto, Figure 4 shows an exemplary optimised transfer 
characteristic of the control difference output to the 
second PI controller 195, with respect to the control 
deviation for the high-pressure regulator 194 that is 
ascertained by the comparator 191. 
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AS is evident from Figures 3 and 4, the control 
differences output by the volume-flow regulator 192 and 
the high-pressure regulator 194 to the PI controllers 
193, 195 are always equated with the control deviation 
5 between the desired-pressure value and the measured 

actual -pressure value that is ascertained by the 
comparator 191, with the exception of a symmetrical 
range ± delta about a control deviation zero. In this 
connection, the value for delta is preferably in a 

10 control deviation range to a maximum of 0.5 MPa. In 

this range of small control deviation, non- linear 
sections are provided both in the characteristic of the 
volume-flow regulator 192 and in the characteristic of 
the high-pressure regulator 194 in order to prevent the 

15 control, on the basis of the smallest control 

deviations that are still present, adjusting the valve 
settings in directions which are undesirable and 
unf avourabler in terms of energy if the valves are 
basically already in their optimal position which is 

20 most favourable in terms of energy. Thus, if the 

suction regulating valve 14 is already substantially 
closed, the control can, because of a small positive 
control deviation in the pressure in the high-pressure 
store 17, for example, attempt further to reduce the 

25 volume flow by closing the suction regulating valve 14, 

as a result of which the suction regulating valve 14 is 
then completely closed and the fuel delivery is 
therefore interrupted. In order to prevent the two 
valves, as a result of the integration of the PI 

30 controllers, leaving their optimal settings despite 

only the smallest control deviation, characteristic 
curves for the volume- flow regulator 192 and the high- 
pressure regulator 194 in the range of a control 
deviation ± delta about a control deviation zero are 

35 chosen, as shown in Figures 3 and 4. 

As Figure 3 shows, in the range of a control 
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deviation - delta to - delta + X, a control deviation 
which indicates a minimum to high pressure in the high- 
pressure store 17 is not perceived by the volume- flow 
regulator 192, so that there is no further adjustment 
5 of the suction regulating valve 14. In this 

connection, the range - delta to - delta + x 
advantageously extends from 0.5 MPa to 0.25 MPa. If, 
on the other hand, the. control deviation is in the 
range zero to - delta + X, the characteristic of the 
control difference with respect to the control 
deviation in the volume- flow regulator 192 has an over- 
proportional increase, which is preferably between 2 
and 4, so that the first PI controller 193 connected to 
the volume-flow regulator 192 reacts extremely strongly 
and specifies for the suction regulating valve 14 a 
manipulated variable which actively brings the control 
deviation into the range from zero to + delta, which 
corresponds £o a pressure which is slightly too low 
with respect to the predetermined desired pressure. 
The range of small control deviation from zero to + 
delta, on the other hand, is not perceived by the 
volume-flow regulator 192, so that there is no further 
adjustment of the suction regulating valve 14. 

In this dead zone in the case of a control 
deviation from zero to + delta, a regulation is not 
carried out by the high-pressure regulator 194 either, 
as Figure 4 shows, so that there is no unwanted 
integration by the second PI controller 195. The range 
of a control deviation from - delta to zero in which, 
as Figure 3 shows, the volume -flow regulator 192 has a 
dead zone is, on the other hand, as shown in Figure 4, 
used by the high-pressure regulator 194 in order to 
stop at the optimal valve position of the high-pressure 
control valve 16 with the aid of the second PI 
35 controller 195. 
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1. Method for regulating a pressure in a high- 
pressure store, which is supplied with a volume flow by 
a high-pressure pump, wherein the volume flow output by 

5 the high-pressure pump to the high-pressure store and 

the pressure in the high-pressure store are adjusted / 
comprising the steps of: 

determining a control deviation between an actual- 
pressure value detected in the high-pressure store and 

10 a predetermined desired -pressure value 

determining a control difference for a pressure 
adjustment in the high-pressure store from the control 
deviation which has been ascertained in the case of the 
pressure in the high-pressure store, wherein in the 

15 range of a small control deviation, a characteristic 

with non- linear sections between the control deviation 
and the control difference is set for the pressure 
adjustment; ^and 

determining a control difference for the volutne- 

20 flow adjustment of the high-pressure pump from the 

control deviation which has been ascertained in the 
case of -the pressure in the high-pressure store, 
wherein in the range of a small control deviation, a 
characteristic with non- linear sections between the 

25 control deviation and the control difference is set for 

the volume-flow adjustment. 

2. Method according to claim 1, wherein the range 
of a small control deviation covers a difference 
between the actual -pressure value detected in the high- 

3 0 pressure store and the predetermined desired -pressure 

value around ± delta and wherein the value for delta 
preferably lies in the range up to a maximum 0.5 MPa. 

3 . Method according to claim 2 , wherein the 
control difference for the volume- flow adjustment in 

35 the range of the control deviation from - delta to 

- delta + X is set at the value zero, is set over- 
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proportionally with respect to the control deviation in 
the range - delta + x to zero, and in the range zero to 
+ delta is set at the value zero, wherein - delta + X 
preferably lies in the range up to 0.25 MPa. 

4. Method according to claim 3, wherein the 
proportionality factor in the over-proportional range 
of the characteristic lies in the range from 2 to 4 . 

5. Method according to one of claims 2 to 4, 
wherein the control difference for the pressure 
adjustment in the range of the difference from - delta 
to zero is set proportionally with respect to the 
control deviation and in the range from zero to 4 delta 
is set at the value zero. 

6. A method for regulating a pressure in a high- 
pressure store substantially as herein described, with 
reference to .the accompanying drawings. 

7. Arrangement for regulating a pressure in a 
high-pressure store, which is supplied with a volume 
flow by a high-pressure pump, comprising 

a volume-flow control element for adjusting the 
volume flow output by the high-pressure pump to the 
high-pressure store; and 

a high-pressure control element for adjusting the 
pressure in the high-pressure store,- and 

a control device which has: a comparator for 
determining a control deviation between an actual- 
pressure value detected in the high-pressure store and 
a predetermined desired -pressure value,- 

a high-pressure regulator, which is connected to 
the comparator and the high-pressure control element, 
in order to determine a control difference for the 
pressure adjustment of the high-pressure control 
element from the control deviation ascertained by the 
comparator in the case of the pressure in the high- 
pressure store, wherein in the range of a small control 
deviation, a characteristic with non- linear sections 
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between the control deviation and the control 
difference is set for the pressure adjustment; and 

a volume -flow regulator, which is connected to the 
comparator and the volume- flow control element, in 
5 order to determine a control difference for the volume- 

flow adjustment of the volume -flow control element from 
the control deviation ascertained by the comparator in 
the case of the pressure in the high-pressure store, 
wherein in the range of a small control deviation, a 
10 characteristic with non- linear sections between the 

control deviation and the control difference is set for 
the volume- flow adjustment. 

8. Arrangement according to claim 7, wherein the 
volume-flow control element is a suction regulating 

15 valve arranged upstream of the high-pressure pump, and 

the control device comprises a first PI -controller for 
adjusting the suction regulating valve. 

9. Arrangement according to claim 7 or 8, wherein 
the high-pressure control element is a high-pressure 

20 control valve connected to the high-pressure store, 

and the control device comprises a second Pi-controller 
for adjusting the high-pressure control valve. 

10. An arrangement for regulating the pressure in 
a high-pressure store substantially as herein 

2 5 described, with reference to the accompanying drawings. 

11. A motor vehicle having an internal combustion 
engine having a high pressure fuel store regulated in 
accordance with the method as claimed in one of claims 
1-6, or regulated by the arrangement as claimed in one 

3 0 of claims 7-10. 
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